Biotransformation of the fungal phytotoxin fomannoxin by soil streptomycetes.
Rhizosphere-associated Streptomyces sp. AcH 505 (AcH 505) promotes infection of Norway spruce (Picea abies) with the pathogenic fungus Heterobasidion abietinum 331, while Streptomyces sp. GB 4-2 (GB 4-2) enhances spruce defense against the fungus. To identify whether these bacteria influence the availability of the fungal phytotoxin fomannoxin and hence spruce infection, we analyzed the fomannoxin yield in H. abietinum 331-AcH 505 dual cultures. Further, the fate of fomannoxin was studied by adding the compound to cultures of AcH 505, GB 4-2 and nine other soil streptomycetes. Culture filtrates were extracted with ethyl acetate and analyzed by HPLC. Structures of novel compounds were elucidated by HPLC-HR-ESI-Orbitrap-MS and NMR spectroscopy. Phytotoxicity of the compounds was determined by in vivo measurement of maximum photosystem II efficiency of Arabidopsis thaliana seedlings. The amount of fomannoxin in H. abietinum 331-AcH 505 dual cultures was reduced compared to axenic fungus cultures and fungus-plant dual cultures. Following addition of fomannoxin to AcH 505 cultures, the compound disappeared and three novel fomannoxin derivatives without phytotoxic activity were detected. Another novel compound, fomannoxin amide, was discovered following fomannoxin addition to GB 4-2 cultures. Nine other streptomycetes converted fomannoxin into fomannoxin acid or fomannoxin amide. Both compounds exhibit the same phytotoxicity as fomannoxin. We, thus, conclude that the streptomycete-mediated modulation of spruce infection with H. abietinum 331 does not depend on the availability of fomannoxin. We further add evidence to the observation that the lipophilic side chain of fomannoxin is an important structural element for its phytotoxicity.